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Mechanical methods of reducing blood transfusion in
cardiac surgery: randomised controlled trial
Neil McGill, Denise O’Shaughnessy, Ruth Pickering, Mike Herbertson, Ravi Gill

Abstract
Objective To assess the effectiveness of two
mechanical methods of blood conservation in
reducing the need for allogeneic red blood cells or
coagulation products during cardiac surgery.
Design Randomised controlled trial.
Setting Regional cardiac centre in a teaching hospital
in Southampton.
Participants 263 adults aged 18-80 years undergoing
elective coronary artery bypass surgery entered the
study, of whom 252 completed the trial. All patients
received routine perioperative care. Patients were
allocated to one of three treatment groups:
intraoperative cell salvage, intraoperative cell salvage
with acute perioperative normovolaemic
haemodilution, or no mechanical blood conservation.
There were 84 patients in each group.
Main outcome measures Numbers of patients who
received allogeneic blood or coagulation products,
and the mean number of units of blood transfused
per patient.
Results Of the patients in the intraoperative cell
salvage group, 26 were given a transfusion of
allogeneic blood, compared with 43 in the control
group (odds ratio 0.43 (95% confidence interval 0.23
to 0.80)). The mean number of units of allogeneic
blood transfused per patient in the intraoperative cell
salvage group was 0.68 units (SD=1.55), compared
with 1.07 (1.56) units in the control group. 32 of the
patients in the intraoperative cell salvage group were
given any blood product, compared with 47 in the
control group (odds ratio 0.47 (0.25 to 0.89);
P=0.019). Combining acute perioperative
normovolaemic haemodilution with intraoperative
cell salvage conferred no additional benefits.
Conclusions An intraoperative cell salvage device
should be used in elective coronary artery bypass
grafting. Pharmacological strategies may achieve
further reductions in blood transfusions. Yet further
reductions in blood transfusions could be achieved if
the lower safe limit of haemoglobin concentration in
patients undergoing cardiac surgery were known.

Introduction
The National Blood Service for England issues approxi-
mately 2.2 million units of blood a year, of which 10%
are used in cardiac surgical units.1 2 Up to 92% of

patients presenting for elective cardiac surgery receive
blood.3 In our own institution recently this proportion
was 82%.4 Patients who receive allogeneic blood risk
contracting bloodborne or other infections or having a
perioperative myocardial infarction.5–7 To minimise the
risk of transmission of variant Creutzfeldt-Jakob disease,
leucodepletion of all donated blood in this country has
been introduced. This has quadrupled the cost of alloge-
neic red blood cells. The optimal use of this scarce,
expensive, and potentially infectious resource is of
national importance.

Pharmacological and mechanical methods can
reduce the need for transfusion of allogeneic red blood
cells and blood coagulation products. The foremost
mechanical methods of perioperative conservation of
red blood cells are intraoperative cell salvage and acute
perioperative normovolaemic haemodilution. Intra-
operative cell salvage is the most widely used method in
elective cardiac surgery.8 Acute perioperative normovol-
aemic haemodilution is used in less than 20% of cardiac
units.9 Both techniques have cost implications and have
yet to become normal practice—perhaps due to the lack
of data showing their effectiveness.10 11

We hypothesised that during cardiac surgery
intraoperative cell salvage would reduce the need for
allogeneic red blood cell transfusion, compared with
control management, and that combining acute
perioperative normovolaemic haemodilution with intra-
operative cell salvage would lead to a further reduction.

We report the results of a randomised controlled
trial in patients undergoing elective coronary artery
bypass surgery. We compared a group of patients in
whom intraoperative cell salvage was used with a control
group and with a group in whom acute perioperative
normovolaemic haemodilution was used in addition to
intraoperative cell salvage. The primary outcome meas-
ures were the number of patients who were given
allogeneic red blood cells and blood coagulation
products and the mean number of units of red blood
cells transfused per patient. Secondary outcomes were
mediastinal drainage of blood, length of intensive care
and stay in hospital, and perioperative complications.

Materials and methods
Selection of patients
After the study was approved by the local research
ethics committee, patients were approached on their
admission the day before surgery in the cardiac unit at
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Southampton General Hospital. Written informed
consent was sought from all patients thought to meet
the inclusion criteria (box).

Sample size
We made two comparisons between groups: between
the intraoperative cell salvage group and the control
group, and between the intraoperative cell salvage
group and the group that received both intraoperative
cell salvage and acute perioperative normovolaemic
haemodilution (combined treatment). With the incor-
poration of a Bonferroni correction, results would be
deemed significant if they achieved a P value of
< 0.025. Thus 80 patients would be needed in each
group for the trial to have a power of 80% in reducing
the percentage of patients receiving blood from 82% to
60%. Because patients were randomised to the six par-
ticipating surgeons, recruiting an equal number of
patients for each surgeon led to the eventual number
of 84 in each group.

Randomisation and masking
Patients who met the inclusion criteria were ran-
domised to one of the three groups. The allocations
were generated from random number tables by an
independent observer and concealed in sealed opaque
envelopes. Randomisation was stratified across the six
participating surgeons, who had different strategies for
preoperative aspirin cessation, administration of antifi-
brinolytic treatment, and myocardial preservation.
Intraoperative masking of mechanical red blood cell
salvage treatment was not possible.

Flow of patients through the trial
A total of 263 patients who were thought to be eligible
for trial entry consented to take part (fig 1). Seven of
these patients were found to meet the exclusion
criteria. Two patients who consented to take part could
not be included because cell salvage or blood harvest
machines were not available. Another two patients
were excluded because of inappropriate perioperative
transfusion. These four patients were not included in

the analysis because of insufficient data. They were
replaced with other patients in the trial who were ran-
domised by the independent observer so that their
next allocation was concealed. No other violations of
the trial protocol occurred. A total of 252 patients were
included in the statistical analyses. All patients survived
to discharge from hospital.

Trial protocol

Management of patients before cardiopulmonary bypass
All patients received standard premedication and
anaesthesia. In all groups intravenous fluids and intra-
venous boluses of phenylephrine (50-100 ìg) were
used to maintain invasively monitored arterial blood
pressure to within 20% of preoperative values. In the
operating room antifibrinolytic treatment and choice
of myocardial preservation remained at the discretion
of the surgeon. All patients received anticoagulation
treatment of 3 mg/kg of intravenous heparin to
achieve an activated clotting time of > 400 s, with an
additional 1 mg/kg intravenous bolus to treat an
activated clotting time of < 400 s.

Intraoperative cell salvage group A cell saver (Dideco
Compact, Dideco, Mirandola, Italy) was used from inci-
sion until the end of surgery.

Eligibility criteria

Inclusion criteria:
• Age 18-80 years
• Ejection fraction > 30%
• Serum creatinine concentration < 150 ìmol/l
• International normalised ratio and activated partial
thromboplastin time < 1.5
• Platelet count > 150 × 109/l
• Haemoglobin concentration > 120 g/l
• Haematocrit > 0.36
• Weight > 60 kg

Exclusion criteria:
• Emergency operation
• Redo procedures and multiple procedures
• Known carotid stenosis > 50%
• Myocardial infarction in past three weeks
• Heparin or warfarin taken in previous five days
• Antiplatelet treatment other than aspirin
• Cerebrovascular disease
• History of liver disease
• Jehovah’s Witnesses

Intraoperative cell salvage

Usually during surgery blood from the site of the
operation is suctioned and discarded. In intraoperative
cell salvage all shed blood is suctioned to a storage
system, and heparin is added to prevent thrombus
formation. At the termination of cardiopulmonary
bypass, blood remaining in the bypass circuit is added
to that in the storage system. This fluid is then
centrifuged to leave a solution of red blood cells with a
haematocrit of 0.5-0.6. This solution of homologous
blood is then retransfused into the patient.

Patients thought to be eligible
and consented to trial entry

(n=263)

Met trial criteria
(n=256)

Intraoperative
cell salvage

(n=84)

Data available
(n=84)

Intraoperative cell
salvage with acute

perioperative
normovolaemic
haemodilution

(n=86)

Data available
(n=84)

Inappropriate
perioperative
transfusion

(n=2)

No availability of intraoperative
cell salvage or acute

perioperative normovolaemic
haemodilution equipment

(n=2)

Control
(n=84)

Data available
(n=84)

Randomised
(n=256)

Fig 1 Flow of patients through the trial
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Combined treatment group After induction of
anaesthesia 10 ml/kg of blood was removed from the
central venous line while being replaced at the same
time with an equivalent volume of modified gelatin
(Gelofusine). The Harvest Blood Stream Recovery
System, an autologous recovery system, was used to
remove blood. The recovered blood was stored at room
temperature.

Management of patients during cardiopulmonary bypass
All groups were managed identically during cardio-
pulmonary bypass. The cardiopulmonary bypass
circuit was primed with 2 l of crystalloid solution. Car-
diopulmonary bypass flows were 2.4 l/min/m2. If a
patient’s haematocrit fell below 0.2, blood was added to
the circuit. Moderate hypothermia was used to lower
the patient’s temperature to 32°C. Mean arterial
pressures were maintained at 50-80 mm Hg.

Management after cardiopulmonary bypass
After the termination of the bypass all patients
received intravenous protamine to neutralise circulat-
ing heparin. The dose of protamine matched that of
the pre-bypass dose of heparin weight for weight.

Control group The residual cardiopulmonary
bypass circuit volume was retransfused into the patient
after protamine administration.

Intraoperative cell salvage group After protamine
administration any shed blood and the residual cardio-
pulmonary bypass circuit volume were washed and
centrifuged by the intraoperative cell salvage machine
then retransfused.

Combined treatment group After protamine adminis-
tration the autologous blood collected after induction
of anaesthesia was retransfused. The cell saver was used
in the same manner as in the intraoperative cell salvage
group.

Intensive care
All patients were under the care of cardiac intensivists,
who were blind to the allocation of patients to study
group. The surgical team was involved only when
further surgical issues arose. The threshold for transfu-
sion of allogeneic red blood cells was the same in all
groups: haemoglobin concentration < 90 g/l and hae-
matocrit < 0.27. Administration of allogeneic blood
coagulation products (fresh frozen plasma and
platelets) was at the discretion of the cardiac
intensivists.

Statistical analysis
Percentages of patients receiving the various blood
products were compared in logistic regression models,
controlled for surgeon. Differences between groups in
these percentages were deemed significant if they
achieved significance of P < 0.025 in the Wald test. The
Kruskal-Wallis one way analysis of variance was used to
compare the differences between the groups in the
amounts of blood products used and in the secondary
outcomes.

Results
Baseline characteristics
The distributions of sex, age, weight, left ventricular
function, and aspirin administration were similar
across the three groups (table 1). Parsonnet scores,
which reflect a number of patient variables and allow
preoperative risk stratification, were also similar across
the groups.

Primary outcomes
Table 2 describes the differences in primary outcomes
between the groups.

Comparison of intraoperative cell salvage and control
treatment
Of the 84 patients in the intraoperative cell salvage
group, 26 were given allogeneic red blood cells,
compared with 43 in the control group (odds ratio 0.43
(95% confidence interval 0.23 to 0.80); P=0.008). The
mean number of units of allogeneic red blood cells
transfused per patient in the intraoperative cell salvage
group was 0.68, compared with 1.07 units in the
control group. The number of patients in the intraop-
erative cell salvage group who were given any blood
product was 32, compared with 47 in the control group
(odds ratio 0.47 (0.25 to 0.89); P=0.019).

Comparison of intraoperative cell salvage and combined
treatment
The combination of acute perioperative normovolae-
mic haemodilution and intraoperative cell salvage did
not show any additional benefit over intraoperative cell
salvage alone in relation to the number of patients
needing allogeneic red blood cell transfusion, the

Table 1 Characteristics of patients (n=84 in each group) before their operation. Values
are numbers (%) of patients, unless stated otherwise

Control
Intraoperative
cell salvage

Combined
treatment*

Men 74 (88) 75 (89) 74 (88)

Age (years):

Mean (SD) 63.4 (9.1) 63.8 (7.8) 63.1 (8.2)

Range 44-80 42-78 37-77

Weight (kg)

Mean (SD) 83.1 (11.2) 84.5 (11.7) 84.3 (11.5)

Range 63-111 61-114 65-120

Parsonnet score†

Mean (SD) 5.8 (5.4) 5.6 (4.6) 5.0 (4.3)

Range 0-23 0-23 0-16

Left ventricular function:

Good 69 (82) 67 (80) 63 (75)

Moderate 15 (18) 17 (20) 21 (25)

Aspirin taken in 72 hours before surgery 31 (37) 26 (31) 33 (39)

*Intraoperative cell salvage with acute perioperative normovolaemic haemodilution.
†0=low risk, 25=high risk.

Acute perioperative normovolaemic
haemodilution

After induction of anaesthesia blood is removed from
the patient and is replaced with an equivalent volume
of colloid. The blood is anticoagulated during removal
to prevent thrombus formation. This blood has a
haematocrit equal to that of the patient, usually
0.35-0.45. The blood is labelled and stored during the
operation. After the termination of bypass the patient’s
haematocrit will usually be considerably lower than
that of the stored blood. This blood is then
retransfused, so increasing the patient’s haematocrit.
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mean number of units of allogeneic red blood
transfused per patient, or the number of patients who
were given any allogeneic blood product.

Most patients were not given allogeneic blood
(fig 2). Fifty one patients received one unit of blood,

and 25 received two. Nine patients needed a markedly
higher amount of transfused blood (>3 units). These
patients were returned to the operating theatre for
re-exploration of the mediastinum. A surgical cause of
bleeding was found in seven of these patients (three in
the control group and two each in the intraoperative
cell salvage group and the combined treatment group).

The variations in haemoglobin concentration from
before the operation to day 3 after the operation were
similar in the three groups (table 3). No patient was
given a transfusion of allogeneic blood after leaving
the intensive care unit.

Secondary outcomes
Table 4 shows the differences between the groups in
the secondary outcomes. There were no differences
between the groups in mediastinal drainage, time in
intensive care, or length of stay in hospital. Table 5
shows perioperative variables in the three groups.
Patients in the combination treatment group spent the
longest time in the anaesthetic room. The median
duration of acute perioperative normovolaemic
haemodilution was 13 minutes. Groups were similar
with respect to total anaesthesia and surgery times, and
times on cardiopulmonary bypass and with the aorta
cross-clamped. Perioperative complications were
evenly distributed across the groups (table 6).

Discussion
Intraoperative cell salvage significantly reduced the
number of patients who were given allogeneic red
blood cells or blood coagulation products during elec-
tive coronary artery bypass grafting, compared with
patients who were operated on without any mechani-
cal blood conservation technique. There was a
corresponding reduction in the mean number of units
of allogeneic red blood cells used. However, our
hypothesis that the addition of acute perioperative
normovolaemic haemodilution to intraoperative cell
salvage would confer additional benefit was not
supported.

Table 2 Blood products given to patients (n=84 in each group) during their perioperative course

Blood product received Control
Intraoperative cell

salvage
Combined
treatment

Kruskal-Wallis
P value

Intraoperative cell salvage*
v control

Combined treatment v intraoperative
cell salvage*

Odds ratio (95% CI)
Wald test
P value Odds ratio (95% CI)

Wald test
P value

Allogeneic blood:

No of patients 43 26 29 0.43 (0.23-0.80) 0.008 1.18 (0.62-2.24) 0.622

Mean (SD) No of units
received per patient

1.07 (1.56) 0.68 (1.55) 0.63 (1.22) 0.015

Range 0-8 0-11 0-8

Fresh frozen plasma:

No of patients 13 14 13 1.1 (0.47-2.53) 0.831 0.91 (0.40-2.11) 0.831

Mean (SD) No of units
received per patient

0.49 (1.25) 0.57 (1.47) 0.43 (1.12) 0.952

Range 0-6 0-8 0-6

Platelets:

No of patients 15 11 15 0.68 (0.29-1.62) 0.386 1.46 (0.62-3.47) 0.386

Mean (SD) No of units
received per patient

0.29 (0.67) 0.20 (0.62) 0.31 (0.81) 0.601

Range 0-3 0-4 0-4

No of patients given any
blood product

47 32 33 0.47 (0.25-0.89) 0.019 1.05 (0.56-1.98) 0.872

*Controlled for surgeon.
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Fig 2 No of units of allogeneic blood transfused into patients

Table 3 Haemoglobin concentrations (g/l) at different stages of patients’ stay in hospital
(n=84 in each group)

Stage Control group
Intraoperative
cell salvage Combined treatment

Before operation:

Median 142 145 145

Interquartile range 135-50 136-50 138-50

Range (min-max) 122-64 125-60 124-66

On admission to intensive care unit:

Median 100 105 108

Interquartile range 91-107 98-116 99-116

Range (min-max) 67-133 77-160 78-137

Day 1 after operation:

Median 100 104 105

Interquartile range 94-109 95-115 96-113

Range (min-max) 85-123 84-153 86-136

Day 3 after operation:

Median 106 105 108

Interquartile range 98-112 98-115 100-19

Range (min-max) 86-154 75-146 82-145
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Intraoperative cell salvage
Our results are consistent with other published work. A
recent meta-analysis of cell salvage in cardiac and
orthopaedic surgery found that in cardiac surgery cell
salvage marginally reduced use of allogeneic blood
products (relative risk 0.85 (0.79 to 0.92)).10 However,
none of the trials washed the salvaged blood before
returning it to the patient, and the intraoperative cell
salvage devices were used only postoperatively. Trials in
which intraoperative cell salvage machines were used
intraoperatively failed to meet standard eligibility crite-
ria for the meta-analysis. Our method of intraoperative
cell salvage maximised surgical salvage of red blood
cells, and our washing of the residual cardiopulmonary
bypass volume allowed optimal haemoconcentration,
accounting for the greater efficacy of intraoperative cell
salvage. Our study is the first to compare intraoperative
use of intraoperative cell salvage with control
treatment.

Acute perioperative normovolaemic haemodilution
Acute perioperative normovolaemic haemodilution is
not well established in cardiac surgery. A meta-analysis
of the treatment across surgical specialties concluded
that it reduces the need for allogeneic red blood cells
(odds ratio 0.31 (0.15 to 0.62)), but that the evidence in
cardiac surgery was less compelling (0.51 (0.26 to
0.99)).11 This meta-analysis included 11 randomised
controlled trials in cardiac surgery.12–22 However, the
quality of the evidence from these trials varied, only
four of the trials having a transfusion protocol.17 18 21 22

Overall the evidence for the benefit of acute
perioperative normovolaemic haemodilution in reduc-
ing use of allogeneic red blood cells during cardiac
surgery was equivocal.

Our study was designed to look at the additional
benefit that acute perioperative normovolaemic
haemodilution might give over intraoperative cell
salvage alone. Our results indicate that acute
perioperative normovolaemic haemodilution does
not confer additional benefits in terms of reduced use
of allogeneic transfusion (odds ratio 1.05 (0.56 to
1.98)). This may be because not enough blood was
removed at the start of the procedure. Given the
patients’ severe coronary artery disease, we decided

not to exceed a predonated volume of 10 ml/kg.
Removing a greater volume of blood preoperatively
may expose patients to ischaemic events and
decreased myocardial contractility.23

Table 4 Secondary outcomes (n=84 in each group)

Control Intraoperative cell salvage Combined treatment
Kruskal-Wallis

P value

Mean mediastinal drainage (ml/hour):

Mean (SD) 39.5 (18.8) 41.0 (19.9) 42.4 (23.6) 0.580

Median 36.0 37.7 37.9

Interquartile range 26.4-46.6 28.5-46.7 27.9-52.0

Range (min-max) 7.1-90.8 15.8-143.0 13.7-195.0

Total mediastinal drainage (ml):

Mean (SD) 795.8 (443.9) 821.6 (477.3) 851.8 (526.2) 0.644

Median 700.0 760.0 695.0

Interquartile range 505-908 525-920 525-1040

Range (min-max) 120-2180 260-3420 260-4100

Time in intensive care (hours):

Median 22.9 22.7 23.3 0.249

Interquartile range 21.8-24.5 22.0-24.6 22.5-25.0

Range (min-max) 15.5-72.9 18.3-166.3 16.6-122.0

Length of hospital stay (hours):

Median 168.9 160.7 170.4 0.724

Interquartile range 140.3-219.3 145.5-198.8 147.1-221.6

Range (min-max) 101.2-989.0 122.7-766.9 103.6-773.4

Table 5 Perioperative data for patients undergoing coronary artery bypass surgery
(n=84 in each group). Figures are minutes unless stated otherwise

Control Intraoperative cell salvage Combined treatment

Time from induction to theatre:

Median 25 26 34

Interquartile range 22-28 23-30 27-38

Range (min-max) 13-85 15-70 20-60

Time to complete acute perioperative nomovolaemic haemodilution:

Median — — 13

Interquartile range — — 11-17

Range (min-max) — — 6-30

Time aortic cross clamp used:

Median 39 39 29

Interquartile range 32-50 30-48 23-37

Range (min-max) 11-84 16-74 12-85

Time on cardiopulmonary bypass:

Median 66 67 63

Interquartile range 56-83 55-85 53-80

Range (min-max) 25-155 34-121 31-132

Time in surgery:

Median 160 160 154

Interquartile range 135-196 140-184 131-174

Range (min-max) 100-265 110-250 97-264

Time under anaesthetic:

Median 200 199 203

Interquartile range 179-230 176-226 179-222

Range (min-max) 135-319 102-305 134-333

Antifibrinolytic treatment:

No of patients 33 33 33

Table 6 Numbers of patients with perioperative complications (n=84 in each group)

Control Intraoperative cell salvage Combined treatment

Without complications 42 46 46

Inotropes required after 24 hours 9 12 11

Surgical bleeding 3 2 2

Cerebrovascular accident 2 1 1

Arrhythmias 27 17 20

Renal failure 0 1 2

Proven infection 7 11 7

Myocardial infarction 10 5 4
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Limitations
Just over half (43/84) the patients in the control group
were given a transfusion—a considerably lower
proportion than that reported for our institution in a
previous study.4 We believe the main reason for this was
that the transfusion threshold was reduced between
the two studies from a haemoglobin concentration of
100 g/l to 90 g/l.

The lack of a protocol on the use of allogeneic
blood coagulation products means that caution is
needed in interpreting differences between the groups
in the use of fresh frozen plasma and platelets. Our
trial involved patients undergoing elective coronary
artery bypass grafting. Although intraoperative cell sal-
vage may be useful in more complex cardiac surgery or
for patients with pre-existing coagulopathy, our
findings cannot necessarily be extrapolated to such
patients.

Intraoperative masking of mechanical conserva-
tion technique was not possible. This might have led to
transfusion practice being driven by knowledge of allo-
cation to group. This effect would be pronounced if no
transfusion protocol were used. Our finding of a
decrease in the number of patients who received a
transfusion of allogeneic red blood cells may be related
to the haemoglobin concentration that is used as the
transfusion threshold, the efficacy of intraoperative cell
salvage, or transfusion practices. Because the intensive
care staff were blinded to allocation to group, and no
protocol violations occurred, we can assume that the
reduction in allogeneic red blood cell transfusion is
related to the efficacy of intraoperative cell salvage.

Conclusions
The need for allogeneic red blood cell transfusion in
elective coronary artery bypass grafting can be
reduced by using intraoperative cell salvage. Acute
perioperative normovolaemic haemodilution with
intraoperative cell salvage confers no additional
benefit. We believe a transfusion rate of 31% of patients
undergoing elective coronary artery bypass grafting is
still unacceptable. The lower safe limit of haemoglobin
concentration in patients undergoing cardiac surgery—

either while they are on bypass or postoperatively—is
unknown. If this limit was known, and made use of, the
combination of optimal pharmacological strategies
with intraoperative cell salvage could achieve yet
further reductions in the numbers of patients who
need to be given transfusions of allogeneic red blood
cells and blood coagulation products.
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What is already known on this topic

Patients undergoing elective coronary artery
bypass surgery often need a blood transfusion

Recent meta-analyses have shown that the
mechanical blood conservation techniques of
intraoperative cell salvage and acute perioperative
normovolaemic haemodilution may reduce the
need for transfusion, but flawed methods in trials
mean that clear evidence in cardiac surgery is
lacking

What this study adds

Intraoperative cell salvage significantly reduces the
number of patients needing an allogeneic blood
transfusion

Combining acute perioperative normovolaemic
haemodilution with intraoperative cell salvage
does not confer any additional benefit
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Science commentary: Why is it important to reduce the need for
blood transfusion, and how can it be done?

Reducing the need for blood transfusions is desirable
for several reasons. Since 2000 in the United Kingdom
it has been mandatory to remove all white cells from
donated blood to reduce the small but theoretical risk
of prion disease (variant Creutzfeldt-Jakob disease).
This has trebled the cost of providing donated blood.
Transmission of hepatitis B, hepatitis C, and HIV by
transfusion occurs in 1 in 300 000 cases, despite screen-
ing programmes.1 However, non-fatal but serious
transfusion errors occur in 1 in 16 000 transfusions.1

Critically ill patients are now known to do just as
well with a lower haemoglobin concentration than pre-
viously thought, thus reducing the need for top-up
transfusions.2 There is also some evidence that
homologous blood transfusions increase the rates of
recurrence of some cancers (tumours of the bowel and
oesophagus, in particular) and can increase the
incidence of wound infections.3 It is unclear why these
phenomena occur.

A number of mechanical methods have been
developed to help reduce the need for postoperative
blood transfusions. In the United States erythropoetin
injections or autologous blood donations (or both),
given preoperatively, are commonly used. Both require
the exact date of surgery to be known—but neither

process is free from human error in labelling, storing,
and administration.

Perioperative dilution and intraoperative blood sal-
vage techniques (such as those described in this paper)
are gaining credence, particularly for patients under-
going cardiac and orthopaedic surgery. But neither of
these processes is suitable for patients with infection or
malignant disease.

After surgery, devices are available to collect blood
from wound drains, which can then be retransfused
back into the patient. Such techniques reduce the
formation of haematomas, but few studies of their
efficacy are available, and the techniques are not in
general use.4
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